
ABSENCE OF SIMIAN VIRUS 40 IN HUMAN BRAIN TUMORS FROM
NORTHERN INDIA
Eric A. ENGELS

1*, Chitra SARKAR
2, Richard W. DANIEL

3, Patti E. GRAVITT
1,3, Kusum VERMA

2, Martha QUEZADO
4 and

Keerti V. SHAH
3

1Division of Cancer Epidemiology and Genetics, National Cancer Institute, Rockville, MD, USA
2Department of Pathology, All India Institute of Medical Sciences, New Delhi, India
3Johns Hopkins Bloomberg School of Public Health, Baltimore, MD, USA
4Department of Pathology, National Cancer Institute, Rockville, MD, USA

Simian virus 40 (SV40), a monkey polyomavirus, was a
contaminant of early poliovirus vaccines administered to mil-
lions of individuals in the 1950s and early 1960s. SV40 causes
brain tumors in laboratory animals, and SV40 DNA se-
quences have been variably identified in human choroid
plexus tumors and ependymomas. We studied the possible
association between SV40 and human brain tumors in north-
ern India, where humans have frequent contact with SV40-
infected rhesus macaques. DNA from pathologic specimens
from 33 ependymomas, 14 choroid plexus tumors and 18
control brain tissues (contused brain, brain metastases) was
extracted and analyzed under masked conditions. We used
real-time PCR to detect and quantify SV40 (T antigen) and
human (GAPDH) DNA sequences. The SV40 PCR assay de-
tected as few as 10 copies of SV40 DNA and had a linear
range from 1 � 102 to 1 � 106 copies. SV40 DNA was
detected in 1 specimen (an ependymoma). However, few
SV40 DNA copies were detected in this sample (<10 copies,
equivalent to <1 copy/350 cells, based on simultaneous
GAPDH quantification), and SV40 was not detected when this
sample was retested. Our findings do not support a role for
SV40 in choroid plexus tumors or ependymomas from north-
ern India.
© 2002 Wiley-Liss, Inc.
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The monkey polyomavirus simian virus 40 (SV40) was a con-
taminant of early poliovirus vaccines, which were produced in
kidney tissue from rhesus macaques.1 Following the discovery of
SV40 in 1960,2 changes in vaccine preparation were soon imple-
mented; poliovirus vaccines have been required to be free of SV40
since 1963. However, during the period of vaccine contamination
(1955–1962), millions of persons, mostly children, were exposed
to SV40 through large-scale poliovirus vaccination campaigns.1

This contamination has caused concern because SV40 induces
malignancies in laboratory animals, notably brain tumors (ependy-
moma and choroid plexus tumor),3,4 mesothelioma and osteosar-
coma. SV40 DNA sequences have been detected in human brain
tumors, including ependymomas and choroid plexus tumors, as
well as other cancers.5–8 The finding of SV40 DNA sequences in
tumors from individuals too young to have received SV40-con-
taminated poliovirus vaccines5–7 raises the question, so far unan-
swered, of whether SV40 is presently being transmitted asymp-
tomatically in the human population. Creating further uncertainty,
other laboratory studies of SV40 in human brain tumors have been
largely negative.9–12

Humans living in northern India may be uniquely exposed to
SV40 through contact with infected monkeys. SV40 infection is
endemic in rhesus macaques living in this region,13 and humans
live in close contact with them. If SV40 can be transmitted among
humans, as implied by the detection of SV40 DNA sequences in
childhood brain tumors, then it appears likely that SV40 can be
transmitted from monkeys to humans. SV40 is present in infected
monkey urine,14 and transmission to humans might occur through
ingestion of contaminated food or water.

Because people living in northern India might acquire SV40
from infected rhesus macaques, we hypothesized that an associa-
tion between SV40 and human cancer should be readily detectable
in a study based in this region. We therefore examined brain tumor
specimens from northern India for the presence of SV40 DNA.

MATERIAL AND METHODS

Tissue specimens
We retrieved archived pathologic specimens from the All India

Institute of Medical Sciences, which is the major referral center for
cancer treatment for New Delhi and the surrounding region, in-
cluding Uttar Pradesh (east of New Delhi). We included cases of
ependymoma and choroid plexus tumors diagnosed in 1991–2000.
Brain tissues from individuals without primary brain tumors (brain
contusion, metastasis) were included as controls and frequency-
matched to cases by age (�18, �18 years) and year of diagnosis
(1991–1995, 1996–2000).

Tissues from cases and controls had previously been fixed in
formalin (for 6–8 hr) and embedded in paraffin, using standard
methods. Fresh sections (10 �m) were prepared using precautions
to minimize DNA contamination (i.e., wiping microtome with
xylene and alcohol, changing blades between specimens). An
independent pathologic review of hematoxylin and eosin–stained
slides confirmed the previously recorded diagnoses and demon-
strated that, among cases, tumor was present in sections used for
PCR. As SV40� controls, we used SV40-induced mouse tumors
(CRL-2162 cells grown in SCID mice; cells from ATCC, Rock-
ville, MD), which were excised, formalin-fixed and embedded in
paraffin.

Laboratory methods
All DNA extraction and laboratory assays were performed

masked to case/control status. Total DNA was extracted from
tissue sections as previously described.15 Extracted DNA was
resuspended in 75 �l of TRIS EDTA (TE) and purified using the
Qiagen (Hilden, Germany) DNeasy kit according to the manufac-
turer’s instructions. Reactions replacing test specimens with dieth-
ylpyrocarbonate (DEPC) water or human DNA were included in
each experiment as negative controls.

Using the well-characterized primer set sv.for3 and sv.rev,5
amplification parameters and conditions were adapted for real-time
PCR quantification of SV40 DNA. For quantitative PCR, 10 �l of
extracted tissue DNA were amplified in a master mix containing
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10 mM TRIS-HCl (pH 8.0); 50 mM KCl; 200 �M each of dATP,
dCTP, dGTP and dTTP; 4 mM MgCl2; 5 units AmpliTaq Gold
(Applied Biosystems, Foster City, CA) DNA polymerase; 0.2 �
SYBR green dye (Molecular Probes, Eugene, OR) in DMSO; and
0.2 �M each primer (sv.for3 and sv.rev). The reaction plate was
centrifuged briefly, and samples were amplified on an ABI (Foster
City, CA) Sequence Detection System 5700 thermal cycler accord-
ing to the following thermal profile: 1 cycle at 50°C for 2 min, 1
cycle at 95°C for 12 min and 50 cycles alternating 95°C for 15 sec
and 55°C for 30 sec.

Each SV40 amplification plate contained dilution replicates of
SV40 DNA (ATCC 45019) at known concentrations, spanning
1 � 101 to 1 � 106 SV40 genomes/amplification reaction, which
were used to generate an external standard curve for SV40 quan-
tification. Following amplification, the normalized fluorescence
(Rn) of standards was plotted by cycle number. The Rn threshold
was manually selected within the linear phase of the amplification
curve (usual threshold � 0.5). For each sample, the cycle threshold
(Ct) was then determined as the cycle on which the curve crossed
the threshold. The Ct for the standards was plotted by log10 input
copy number, and the regression through these points (performed
automatically by the Sequence Detection System 5700 software)
determined the copy number for the unknown samples, based on
their Ct values.

A dissociation profile of the PCR-amplified products was gen-
erated automatically by the Sequence Detection System 5700
program. Accordingly, SV40 copy number was assigned for sam-
ples generating a PCR product with denaturation temperature of
82°C, corresponding to the 105 bp amplified segment of the SV40
T-antigen gene. Nonspecific amplification products, particularly
primer–dimer products, were identified by fluorescence peaks
below 82°C.

PCR-amplified products were further characterized by hybrid-
ization with a biotinylated SV40 probe (GGAAAGTCCTT-
GGGGTCTTCTACC).16 Briefly, 3 �l of PCR product were dena-
tured in 0.4 N NaOH and transferred to a nylon membrane in a
96-well dot-blot format. Hybridization and detection were per-
formed as previously described, with signal detected by autoradio-
gram of chemiluminescence from bound biotinylated probe.17 A
positive signal on the autoradiogram was considered confirmatory
for SV40 amplification.

In parallel with SV40 PCR amplification, we used primers
targeting the single-copy human gene glyceraldehyde-6-phosphate
dehydrogenase (GAPDH) to estimate total cell number (P.E.
Gravitt et al., unpublished data). Briefly, PCR amplification was

performed as described for SV40, substituting GAPDH1 and
GAPDH2 primers, which amplify a 288 bp sequence. The GAPDH
standard curve was produced by amplifying DNA extracted from
K562 cells, diluted to yield 100,000, 20,000, 4,000, 800, 160 and
32 copies/well. Samples were considered human DNA� if they
demonstrated peak fluorescence at 87°C. Quantification was based
on interpolation from the GAPDH standard curve. The GAPDH
assay had a linear range from 160 to 100,000 copies (data not
shown). Total cell number was estimated by dividing the GAPDH
copy number by 2, assuming primarily diploid genomes.

FIGURE 1 – (a) SV40 amplification curves. Normalized fluorescence
(Rn) plotted by cycle number. Horizontal dotted line indicates the
threshold, and the PCR cycle at which each amplification curve crosses
the threshold determines the cycle threshold (Ct) value. Shown are
amplification curves for a 10-fold dilution series of SV40 from 1 � 106

to 1 � 101 copies (with corresponding Ct values of 21.5, 24.4, 28.1,
31.1, 35.1 and 37.6), 4 negative samples (Ct values between 44.5 and
46) and a single positive sample from an ependymoma (Ct � 47.2). (b)
Linear regression fit of Ct as a function of log10-transformed input
SV40 copy number, from replicates of 106, 105, 104, 103, 102 and 101

copies of the SV40 standard (R2 � 0.99). Amplification curves for 1
replicate at each copy number are shown in (a). (c) Denaturation
temperature of PCR products obtained by the Sequence Detection
System 5700 Dissociation Profile Option. The first derivative of flu-
orescence vs. temperature identifies the denaturation temperature of
PCR-generated products. Results are shown for the same samples as in
(a). The 6 samples from the SV40 dilution series show a denaturation
temperature of 82°C, with corresponding peak derivatives between 5.5
and 7. The 4 negative samples have peaks indicating nonspecific PCR
product at lower temperatures, around 77–77.5°C. Finally, the positive
ependymoma sample has a denaturation temperature of 82°C (peak
derivative of approximately 3), indicating the presence of amplified
SV40 DNA sequence, as well as a secondary peak at lower tempera-
ture corresponding to nonspecific PCR product.
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RESULTS

The quantitative SV40 PCR assay demonstrated a linear range
from 1 � 102 to 1 � 106 copies, based on a titration series (Fig.
1a,b). This assay also reliably detected as few as 10 copies, though
the Ct value was more variable between replicates. Amplified
SV40 DNA showed a characteristic dissociation profile with a
peak at 82°C (Fig. 1c). On the quantitative assay, 6 of 7 SV40�

mouse tumors had detectable SV40, albeit at a low DNA copy
number (Ct 43–48, corresponding to �10 copies, when tested in
parallel with the human tissues described below). Filter hybridiza-
tions consistently detected �10 copies of SV40 DNA and were
positive in all 7 mouse tumors (Fig. 2). All of the water and human
DNA controls were consistently negative in quantitative PCR and
hybridization for SV40 DNA (Fig. 2).

We tested 65 human tissue specimens: 33 ependymomas (me-
dian patient age at diagnosis � 26 years, interquartile range
16–35), 14 choroid plexus tumors (14 years, 5–30) and 18 control
brain tissues (31 years, 16–44). By type of specimen, median
GAPDH copies (interquartile range) were 1,997 (784–5,163) for
ependymoma, 391 (251–1,415) for choroid plexus tumors and
1,324 (402–12,181) for control brain tissues. Only 1 specimen
(choroid plexus tumor) yielded �100 GAPDH copies.

For human tissues, a single specimen (ependymoma) was
SV40� by PCR. The dissociation curve for this specimen showed
a denaturation temperature at 82°C (Fig. 1c) similar to the positive
controls, and this specimen hybridized with an internal probe on
filter hybridization (Fig. 2). However, the Ct value on the quanti-
tative SV40 PCR assay was 47.2 (�10 copies, Fig. 1a), indicating
that little amplifiable SV40 DNA was present. Since 7,009
GAPDH copies were detected in the same sample, this translates
into �1 copy/350 cells. Finally, in a repeat experiment, SV40
DNA did not amplify from this sample, as measured by quantita-
tive PCR and filter hybridization.

DISCUSSION

Our results do not support a role for SV40 in human brain
tumors in northern India. We detected SV40 DNA in only 1
ependymoma specimen by PCR. The copy number of SV40 DNA
in this tumor was very low (�1 copy/350 cells), and the finding
could not be reproduced, suggesting that this single positive result
may have been due to PCR contamination. The inclusion of
negative and positive tissue controls, the extraction and PCR
evaluation of specimens under masked conditions and the quanti-
fication of SV40 and human cellular DNA are strengths of our
study.

Like other PCR-based assays for SV40 DNA,18 our detection
method was highly sensitive, detecting as few as 10 copies per
reaction mixture. Additionally, our assay, similar to others,19,20

estimated the amount of SV40 across a linear range from 1 � 102

to 1 � 106 copies. We consider results from fixed brain tissues to
be semiquantitative since they were based on an external standard
(titration series). The early phase of PCR amplification kinetics is
susceptible to the DNA-degrading effects of formalin fixation, so
the copy number derived from the growth curves for formalin-
fixed tissues may not correspond to that for a similar amount of
SV40 DNA present in the titration series. Nonetheless, because it
is unlikely that GAPDH and SV40 sequences would be differen-

FIGURE 2 – Filter hybridization using an SV40 sequence-specific
chemiluminescent probe. Results are shown in an 8-row � 12-column
dot-blot format for PCR-amplified products from known standards and
brain tissue specimens. In the first 2 columns, results for a dilution
series are shown in duplicate: 1 � 106 copies in row 1 down to 1 �
101 copies in row 6. Row 7 (columns 6–12) shows SV40� mouse
tumors (positive controls). Row 8 (columns 1–12) shows DEPC water
(negative controls). The remaining 65 specimens are from the tested
brain tumors and control tissues. Only 1 sample (an ependymoma,
described in Results and presented in Fig. 1) showed SV40-specific
hybridization (row 1, column 6).

TABLE I – PCR DETECTION OF SV40 IN HUMAN EPENDYMOMAS AND CHOROID PLEXUS TUMORS

Reference Country Number positive/
number tested (%)1 PCR primers2 PCR

cycles Tissue type3 Negative controls/
masking4

Quantification
of SV40

DNA

Bergsagel et al.5 United States E: 10/11 (91)
C: 10/20 (50)

sv.for3/sv.rev 45–60 Fresh, formalin Yes/no No

Krainer et al.10 Austria E: 0/10 (0) svo.for/svo.rev
(sv.for3/sv.rev nested)

45–60 Formalin No/no No

Martini et al.6 Italy E: 8/11 (73)
C: 5/6 (83)

pyv.for/pyv.rev 35–105 Fresh, formalin Yes/no No

Suzuki et al.26 Japan E: 4/13 (31) sv.for2/sv.rev 45 Formalin Yes/no No
Huang et al.7 Switzerland E: 9/16 (56)

C: 6/16 (38)
SVTAGP1/P2
SVTAGP1/P3

45 Formalin No/no No

Ohgaki et al.12 Finland E: 0/10 (0)
C: 0/7 (0)

SVTAGP1/P2
SVTAGP1/P3

45 ND No/no No

Weggen et al.9 Germany E: 2/27 (7) sv.for3/sv.rev
LA1/LA2

40 Fresh Yes/no No

Reuther et al.11 Germany E: 3/62 (5) sv.for3/sv.rev
RA1/RA2

36 Fresh, formalin No/no No

Present study India E: 0/33 (0)
C: 0/14 (0)

sv.for3/sv.rev 50 Formalin Yes/yes Yes

1Entries are for ependymoma (E) and choroid plexus tumors (C).–2See Bergsagel et al.5 and Reuther et al.11 for descriptions of PCR primer
pairs.–3Fresh, fresh frozen; formalin, formalin-fixed and paraffin-embedded; ND, not described.–4Negative controls, inclusion of biologic tissues
as negative control; masking, documentation that both extraction of DNA and PCR were done under masked conditions.
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tially affected by formalin fixation, the relative quantification of
SV40 and human DNA remains valid.

In the present study, 75% of specimens yielded at least 437
GAPDH copies (i.e., DNA roughly equivalent to 200 diploid
cells). We would therefore have detected SV40 in most specimens
if it had been present in at least 10 copies/200 cells (i.e., 1 copy/20
cells). In SV40-induced tumors in animals, viral DNA can be
found integrated into the cellular genome and SV40 T antigen is
readily detected,21 which imply the presence of at least 1 copy of
viral DNA in each tumor cell. In SV40-infected human cell lines,
extremely low levels of SV40 T antigen may be sufficient to
induce a transformed phenotype,22 though presumably these ef-
fects still require the presence of SV40 in each proliferating cell.
If persistent SV40 infection is indeed necessary for oncogenesis,
our negative results argue against an etiologic role for SV40 in
human tumors.

Humans in northern India are at risk for SV40 infection through
close proximity to SV40-infected rhesus macaques. A detailed
ecologic study in 1959–1960 found 800,000 rhesus macaques in
Uttar Pradesh, with 75% living in villages or cities, 3% in temples
or railway stations and 9% along roads or canals.23 Rhesus ma-
caques were extensively trapped in the 1950s and 1960s, causing
a population decline; but their numbers recovered rapidly follow-
ing a 1978 export ban. With the destruction of woodlands for
agriculture, macaques have become increasingly prevalent in
towns and cities.24 Given this ecology, human encounters with
monkeys occur frequently during everyday life.

Limited data indicate that SV40 may infect individuals in this
region, perhaps as a result of contacts with infected macaques.
Low-titer SV40 neutralizing antibodies are present in 6–11% of
the general population in Uttar Pradesh,25 while higher-titer anti-
bodies are found in 27% of workers in monkey export firms in
Uttar Pradesh.25 The presence of antibody, particularly at low titer,
might indicate infection with another cross-reacting polyomavirus
(e.g., the human polyomaviruses BK and JC). However, further
evidence that viral transmission between macaques and humans
occurs is provided by the observation that monkeys often acquire
human infections: half of rhesus adults have antibodies to measles,
and 30% have antibodies to parainfluenza 3 virus.13

We do not know whether poliovirus vaccine was used in India
in the 1950s and early 1960s, though we suspect that large-scale
vaccination campaigns did not begin there until later. Nonetheless,
our results on ependymoma and choroid plexus tumor are directly
comparable with those from studies in the United States, Europe
and Japan (Table I), where the principal exposure to SV40 is
thought to have been through early poliovirus vaccines. Detection
of SV40 in persons too young to have received SV40-contami-
nated poliovirus vaccines, taken at face value, requires ongoing
transmission of SV40 among humans.5–7 Along these lines, the
presence of SV40-infected macaques in India provides a plausible

reservoir for continued reintroduction of this virus into the human
population, and SV40 might be transmitted among humans in India
as elsewhere.

Reconciling the conflicting results of these studies thus requires
a careful review of their methods and findings (Table I). Our
negative results are supported by 3 studies from Austria and
Germany.9–11 A Finnish study was also negative,12 but this was
attributed by the investigators to a lack of poliovirus vaccine
contamination in Finland. In our study and the Austrian study,10 all
of the specimens were fixed in formalin, which could have de-
graded the DNA. However, few tumors in the German studies
were SV40�, despite use of fresh frozen specimens,9,11 and other
studies using only formalin-fixed tissues yielded positive re-
sults.7,26 Our quantitative testing for the human gene GAPDH
indicated that most of our specimens had adequate PCR-amplifi-
able DNA.

It is important to consider the alternative possibility that the
positive results in some studies described in Table I were due to
laboratory artifact.5–7,26 SV40 DNA sequences are present in over
200 cloning vectors used by laboratories worldwide,27 which
might lead to PCR contamination. In this regard, 1 positive study
did not include negative control tissues,7 and none described
masked extraction and testing of specimens. In 1 study,6 SV40
DNA was found in a wide range of tumor types and normal cells,
and almost all specimens also had detectable BK virus, calling into
question the specificity of testing. Finally, no study quantified the
amount of SV40 DNA present in tumor specimens. One study used
repeated PCR cycling to increase sensitivity,6 but our results
indicate that highly sensitive assays (including our assay) can
identify extremely low levels of SV40 that could arise from PCR
contamination.

Other evidence also points away from SV40 as a cause of
human brain tumors. A previous study of cancer patients in north-
ern India found SV40 antibodies in only 1 of 13 patients (8%) with
CNS tumors,28 similar to the seroprevalence in other cancer pa-
tients and the general population.25,28 Antibody titers were gener-
ally low and may have been due to cross-reactivity with another
virus (e.g., BK or JC). Long-term follow-up of children exposed to
SV40-contaminated poliovirus vaccines in the United States and
Europe has not revealed excess risk for brain tumors, specifically
including ependymoma and choroid plexus tumor.29,30 Finally, no
brain tumors were observed during 35 years of follow-up of
neonates given poliovirus vaccine with live SV40,31,32 despite the
documented exposure occurring in a period of marked immune
immaturity.

In conclusion, our results do not support a role for SV40 in the
etiology of brain tumors. Given concerns regarding possible lab-
oratory contamination with SV40, future laboratory studies of
SV40 in human cancer should include appropriate tissue controls,
blinding and quantification of SV40 in positive specimens.
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